Matching of nonverbal behaviors in conversation, known as synchrony, is sometimes shown to predict the rapport between conversational partners. the aim of this study was to examine whether synchrony in vocal pitch between psychotherapists and clients is similarly associated with rapport. recordings of psychotherapy sessions were analyzed to extract the synchrony in pitch of therapist and client speech, and these synchrony measures were then related to measures of the therapy relationship and treatment outcome. results indicated that pitch synchrony did occur in the sessions but higher levels of synchrony were related to poorer therapeutic relationships and greater distress. these findings suggest that the vocal pitch of therapists and their clients may be of importance in understanding the psychotherapy interaction.
Synchrony is the "degree to which the behaviors in an interaction are nonrandom, patterned, or synchronized in both timing and form" (Bernieri & Rosenthal, 1991, p. 403) . Most social interactions maintain a subtle, often unconscious (e.g., Chartrand & Bargh, 1999) , balance of this synchrony, including courtship (e.g., Ireland et al., 2011) , interviews (e.g., Gregory & Webster, 1996; Webb, 1969) , team-work (e.g., Kozlowski & Ilgen, 2006) , and friendship (e.g., McIntosh, 2006) interactions. Researchers have explored synchrony through both verbal and nonverbal channels of communication such as word use, facial expressions, kinesics, proxemics, and vocal qualities.
Increasing evidence has emerged indicating that greater bodily synchrony is related to more positive perceptions of rapport (e.g., Bernieri, Davis, Rosenthal, & Knee, 1994; Hove & Risen, 2009; Miles, Nind, & Macrae, 2009) . Greater levels of synchrony are also linked with other positive perceptions of the interaction such as empathy (e.g., Bavelas, Black, Lemery, & Mullett, 1986) , perceived smoothness of the conversation (e.g., Chartrand & Bargh, 1999) , and feelings of social connectedness (e.g., Marsh, Richardson, & Schmidt, 2009) . Experimental research has demonstrated that synchrony is both the product of and a causal contributor to positive interactions (e.g., Chartrand & van Baaren, 2009; Stel & Vonk, 2010) . The majority of this research, however, has measured synchrony based on body movement or positioning alone.
Another important channel of synchrony is vocal pitch. Vocal pitch is how high or low a person's voice sounds (Goldstein, 2007) and is often measured by fundamental frequency, the lowest frequency of the sound wave. Pitch carries information about the speaker (e.g., accent and gender; Breitenstein, Van Lancker, & Daum, 2001 ). In addition, more extreme pitch levels coincide with greater emotional intensity (Banse & Scherer, 1996) . In fact, one of the principal functions of pitch is to communicate the speaker's emotional state (e.g., Bachorowski, 1999; Hammerschmidt & Jürgens, 2007; Mozziconacci, 2001 ), such as experiencing stress (e.g., Tolkmitt & Scherer, 1986) , anxiety and worry (e.g., Scherer, 1986) , and clinical depression (Cannizzaro, Harel, Reilly, Chappell, & Snyder, 2004; Ellgring & Scherer, 1996) .
Relative to other channels of nonverbal communication, pitch synchrony has received less attention. Some of this work has demonstrated the occurrence of pitch synchrony in conversational partners (e.g., Gregory, 1983 Gregory, , 1990 . Importantly, Gregory, Dagan, and Webster (1997) found that, like other nonverbal channels, interac-tions with higher levels of pitch synchrony were rated more positively.
Given the relational importance of synchrony and the emotional importance of pitch, the pitch synchrony between psychotherapist and client might be especially meaningful as both rapport and emotional distress are thought to be important for the success of therapy. Although synchrony has often been researched in the context of everyday conversations, little is known about the presence of synchrony in psychotherapy interactions. Thus far, research on therapist-client synchrony in therapy has focused on nonverbal body behaviors such as general movement (e.g., Ramseyer & Tschacher, 2008) . Although one study failed to observe a relationship between body synchrony and therapeutic alliance (Willis, 1989) , the more common finding is that synchrony is related to interpersonal variables in psychotherapy. For example, higher levels of bodily synchrony correlate with more positive ratings of the therapeutic alliance (Ramseyer & Tschacher, 2008; Ramseyer & Tschacher, 2011; Solley, 1988) , empathy (Maurer & Tindall, 1983) , rapport (Trout & Rosenfeld, 1980) , and client self-efficacy (Ramseyer & Tschacher, 2011) as well as more positive, interpersonal, specific, and therapeutically relevant client verbalizations (Charny, 1966) . In addition, Ramseyer and Tschacher (2011) found that body movement synchrony also predicted treatment outcomes. To our knowledge, however, pitch synchrony has not yet been investigated in psychotherapy.
If pitch synchrony does occur in therapy, it might be helpful to know who is leading pitch shifts and who is following the other interaction partner. Experimental studies have found that when therapists increase their level of bodily synchrony, the therapeutic relationship is rated more positively (Maurer & Tindall, 1983; Solley, 1988; Trout & Rosenfeld, 1980) . Ramseyer and Tschacher's (2008) investigation of a single therapist-client dyad over several sessions concluded that the predominant pattern was the therapist leading the bodily synchrony and that therapist leading was associated with more positive client perceptions of the therapy relationship. Sessions marked by therapist following were associated with greater client perceptions of self-efficacy.
The aim of this study was to examine therapist-client pitch synchrony within psychotherapy sessions. It was hypothesized that (a) pitch synchrony would be observed in therapy sessions, (b) more often therapists would lead and clients would follow pitch shifts, and (c) sessions with greater pitch synchrony would be perceived more positively and have better outcomes. For the study, recordings of midtherapy treatment sessions were annotated and analyzed using computer software to extract the turn-by-turn vocal pitch of clients and therapists. Indices of pitch synchrony were then related to measures of the therapeutic process and treatment outcome of each case. This design, therefore, allowed for assessments of the spontaneous occurrence of pitch synchrony in session, leading and following patterns, and the relationship between pitch synchrony and treatment measures.
METHOD

CLINICAL SETTING
The study was conducted at a counseling center that provides free services to students at a large urban university. Therapists at the site included counseling graduate students under the supervision of licensed faculty, student interns, and licensed staff psychologists. The mean length of treatment sessions was approximately 50 min.
TARGET DATA SET
Therapists and clients at the counseling center participated in a large exploratory study conducted between 2004 and 2007. For this original study, digital audio recordings and measures were collected for 157 cases.
Inclusion criteria for the final sample (N = 52) for the current study included clients with complete intake and third-session questionnaires and a third-session audio recording. Because outpatient treatment is typically brief with a median length of 6 sessions in outpatient clinics (Garfield, 1994) , the third session was selected as an appropriate midpoint in therapy. If postsession measures were not available, measures from the next session were substituted. If third-session audio data were unavailable or inaudible, fourth-session (N = 5) or second session (N = 4) data were examined instead.
THERAPISTS
There were 16 therapists (3 males, 13 females) in this sample. Therapists reported the following cultural identities: 11 Caucasian (69%), 3 Asian or Pacific Islanders (19%), 1 African-American (6%), and 1 not reporting this information (6%). Mean therapist experience was 3.2 years (SD = 2.0), ranging from 0 to 7 years. One of the participating therapists was a doctoral-level licensed psychologist. The remaining therapists included 10 graduate students in training and 5 students completing their doctoral internship. One of the student therapists had only a bachelor's degree; all the remaining therapists had a master's degree. Therapists reported their theoretical orientations as 5 cognitive-behavioral (31%), 2 feminist (13%), 2 humanistic (13%), 1 client-centered (6%), 1 constructivist (6%), 1 family systems (6%), 1 multicultural (6%), 1 integrative (6%), 1 eclectic (6%), and 1 not reporting an orientation (6%).
CLIENTS
A total of 52 clients (20 males, 32 females) were included in the current study. All clients were over the age of 18 and seeking individual therapy. The mean age of clients when they began treatment was 26.6 years (range = 18-45 years). Clients reported the following cultural identities: 36 Caucasian (69%), 10 African American (19%), 2 Hispanic (4%), 1 polyethnic (2%), 1 other (2%), and 2 not reporting this information (4%).
PROCEDURE
Praat (Boersma & Weenink, 2012) , a phonetics analysis software program, was used to analyze acoustic properties of the session recordings. Because the original recordings were made on one audio channel, annotation of the beginning and end of each therapist or client speech turn was demarcated in Praat so that the software could distinguish between the two speakers. Each speech turn was transcribed verbatim and both speech boundary annotation and text were reviewed for accuracy.
Speech turns lasting less than 1 s in duration-typically consisting of just non-words such as "mm-hmm"-were excluded from the analysis, which also eliminated most instances of overlapping speech. All of these excluded speech turns typically made up a very small portion of the session (M = 101.2 s, SD = 52.6) and the findings were similar whether or not these speech turns were included in the analyses. In addition, segments of the session consisting of nontherapeutic dialogue involving the scheduling of future sessions were excluded from analysis.
MEASURES
Therapeutic Alliance. The 12-item Client Working Alliance Inventory, Short Form (Tracey & Kokotovic, 1989 ) was used to measure perceptions of the quality of the relationship between therapist and client. A sample item is "My therapist and I agree about the things I need to do in therapy to help improve my situation." Ratings on these items are made on a 7-point scale from never (1) to always (7).
Symptom Distress. A 5-item version of the Hopkins Symptom
Checklist (Tambs & Moum, 1993 ) was used to measure client symptom distress. A sample item is "I feel blue." Items on this measure are rated on a 4-point scale ranging from not at all (1) to extremely (4).
Depressive Symptoms. A 7-item version of the Beck Depression Inventory (Beck, Guth, Steer, & Ball, 1997 ) was used to assess depressive symptoms. Items are rated on a 4-point scale indicating increasing distress.
Relationship Outcome. The 11 interpersonal relationship items of the Outcome Questionnaire 45.2 (Lambert et al., 1996) measured satisfaction and problems with relationships. A sample item is "I am concerned about family troubles." Clients rated the accuracy of the item statements to their current life situations on a 5-point scale ranging from never (1) to almost always (5).
PRELIMINARY ANALYSES
Synchrony Estimates. Two different types of vocal pitch synchrony between therapist and client were calculated. First, across each therapy session, a therapist-leading measure was created by correlating the mean pitch of each therapist speech turn with the mean pitch of the client speech turn that came immediately afterward. Second, across the therapy session, a therapist-following measure was created by correlating the mean pitch of each therapist speech turn with the mean pitch of the client speech turn that came immediately before. The distribution of these correlations was then normalized by converting them to Fisher's z scores (Fisher, 1921) . Because the therapist-leading and therapist-following measures were correlated moderately, r = .42, a mean of the two measures was also calculated to form an overall estimate of pitch synchrony for each therapy session. Analyses were then conducted using the transformed therapist-leading, therapist-following, and overall synchrony estimates.
Unit of Analysis.
Therapists in this sample saw between 1 and 11 clients. Because of this, cases involving the same therapist may have been more similar to one another, raising issue independence. Previous researchers (e.g., Crits-Christoph & Mintz, s of statistical 1991; Martindale, 1978) have emphasized the potential for differences between therapists and noted the implications for appropriate analysis. Therefore, a preliminary assessment was conducted comparing variation among cases treated by the same therapist with variation between cases with different therapists. This analysis revealed that measures from sessions involving different therapists were less similar to one another relative to measures from sessions involving the same therapist, therapist-leading synchrony, intraclass R = .70, F(1, 50) = 8.23; therapist-following synchrony, intraclass R = .52, F(1, 50) = 4.33; overall synchrony, intraclass R = .78, F(1, 50) = 11.98.
1 Given this evidence of therapist clustering, measures from cases involving the same therapist were averaged so that therapist became the unit for the following analyses.
Mean Outcome. The three individual measures of therapeutic outcome correlated substantially, mean r = .52. Therefore, these measures were standardized and averaged into a single outcome measure. Analysis indicated that this composite outcome measure had high inter-item reliability, Cronbach's a = .83.
1. Because the number of clients varied for different therapists, intraclass correlations were computed using the procedure for unequal class membership outlined in Haggard (1958, Chapter 2) .
RESULTS
SYNCHRONY IN SESSION
One question is whether the synchrony observed in these therapy sessions occurred at greater than chance levels. Analysis revealed that the degree of overall synchrony (M = 0.12, SD = 0.13) was greater than zero, t(15) = 3.79, p = .002.
A second question is whether therapists more often led or followed pitch shifts made by their clients. Analysis revealed greater therapist-leading (M = 0.15, SD = 0.17) than therapist-following synchrony (M = 0.09, SD = 0.14); however, this difference was not statistically significant, t(15) = 1.33, p = .2.
PROCESS AND OUTCOME
Given that synchrony occurred at greater than chance levels, we assessed whether synchrony was associated with client ratings of therapeutic process and outcome. As can be seen in Table 1 , greater therapist-leading synchrony was associated with lower ratings of therapeutic alliance. The other measures of synchrony were also negatively correlated with alliance, however they were not statistically significant.
Synchrony was associated with one measure of outcome. Specifically, greater therapist-following synchrony was related to greater reports of depression. Although all the other measures of outcome were also positively associated with therapist-following, therapistleading, and overall synchrony, these correlations failed to reach statistical significance.
DISCUSSION
Therapists and clients in these psychotherapy sessions exhibited a modest degree of synchrony in vocal pitch. When either the therapist or the client raised or lowered their pitch, there tended to be a corresponding matching of pitch by the other person. On average, the shifting of pitch was not more likely to be initiated by the therapist or the client. However, there were substantial differences between therapists in the tendency to initiate shifts in pitch. Analyses indicated that when clients followed the pitch of the therapist, the therapeutic alliance in the session was less likely to be judged positively. And therapists were more likely to mirror the pitch of the client for those clients who subsequently reported more depressive symptoms at the end of the session.
Given that synchrony is observed in other nonverbal channels of communication and across a number of social settings (see review by Chartrand & van Baaren, 2009) , pitch synchrony in psychotherapy was expected. Surprisingly, the degree of synchrony occurring was relatively small on average. As pitch synchrony appears to be a relatively subtle phenomenon in psychotherapy, other channels of synchrony, or a more cumulative measure of synchrony across several channels, may be more salient to conversational partners and potentially more related to the psychotherapy interaction.
Although therapists appeared to lead pitch shifts more often than they followed them, this difference was not statistically significant. Previous research with body movement synchrony in psychotherapy (Ramseyer & Tschacher, 2011) , however, has found therapists engage in consistently more leading than following. Perhaps the most parsimonious explanation of the findings of this study is that within the channel of pitch, synchrony is a recursive process with no clear leader (Hess, Philippot, & Blairy, 1999) and is better concep- Depression was based on a brief version of the beck Depression inventory; e outcome was a composite of the three outcome measures. *p < .05 using the Sidak-bonferroni correction (Sidak, 1967) .
tualized as a byproduct of the relationship rather than a mechanism of change.
In previous literature examining synchrony, higher degrees of synchrony are typically associated with more positive ratings of the interaction. The unexpected relationships between synchrony and therapeutic process and outcome might be explained in a number of ways. One explanation of why therapist-initiated pitch changes were associated with lower ratings of the therapeutic alliance might be that therapists in the study were attempting to model pitch shifts behaviorally, encouraging clients to move in a different affective direction. Although such a process might eventually help clients, it might have a more immediate effect of causing clients to feel misunderstood and thereby lower their ratings of the therapeutic alliance. If this were the case, though, we might expect to see greater therapist-initiated synchrony to be associated with a reduction in distress; however, the opposite (although not statistically significant) pattern was observed in this study. It also remains possible that pitch synchrony in psychotherapy carries different social meaning than in other social contexts and that a high degree of synchrony has a deleterious effect. Perhaps a more consistent explanation of these findings might then be that an increased number of therapistled pitch shifts are a sign that the therapeutic alliance is suffering. For example, when clients have decided that their therapist is not fully invested in the same therapeutic goals, he or she might express this to some degree by becoming more passive in the therapeutic process and following their therapist's pitch more, perhaps even in an attempt to mask their discontent. Yet another explanation is that clients might respond in therapy to moments in which they feel the therapeutic alliance is ruptured by engaging in more synchrony with the therapist in an attempt to repair or mend the relationship (Safran, Muran, & Eubanks-Carter, 2011) .
Therapist matching of client pitch was associated with greater client depressive symptoms. Previous experimental studies of bodily synchrony indicate that therapist mirroring of the client leads to greater perceptions of empathy (Maurer & Tindall, 1983; Solley, 1988; Trout & Rosenfeld, 1980) . Within the channel of pitch, it is possible that therapists responded to clients expressing a high degree of distress by matching the client's pitch in an attempt to express empathy with the client's emotional state. Although it contradicts conventional therapeutic wisdom and research with body-movement synchrony (e.g., Ramseyer & Tschacher, 2011) , it also remains possible that therapist matching of client pitch carries different information that could actually led to poorer outcomes. Within this sample of predominantly novice therapists, for example, clients might have viewed the therapist imitating their pitch as a sign that the therapist lacked confidence or knowledge of how to move forward in the session. Also, therapist mirroring of client pitch may have amplified the emotional distress of the client.
Future research could expand on this study by examining the context of high and low synchrony moments in therapy. As with other processes in therapy, the amount of pitch synchrony might be less important to the success of the session than the appropriate timing of synchrony. For example, if synchrony on the part of the therapist communicates nonverbal agreement or alignment with what the client is saying, imitating the client's vocal pitch while a client is being self-affirming might be more helpful than similar levels of synchrony in response to self-deprecating comments made by the client (Charny, 1966) . It might also be that at certain times during a session synchrony is pivotal for the rapport between client and therapist, such as during significant or critical change moments in therapy (Elliot, 1986; Fitzpatrick & Chamodraka, 2007; Timulak, 2010) . Future research could explore this by relating each pitch shift event to moment-by-moment ratings of the session rather than postsession ratings of the entire session. Additionally, future investigations of synchrony in psychotherapy might explore the role of therapeutic orientations, particularly those that place an emphasis on vocal cues (e.g., see client vocal quality scale Rice & Kerr, 1986) , and participant characteristics such as psychopathology, gender, and culture.
Regardless of the direction of future research, this study was the first to investigate the role of pitch synchrony with regard to psychotherapy process and outcome. The results of the study are suggestive of subtle processes occurring in psychotherapy and adds to our knowledge of synchrony phenomena in general. Future research could expand on pitch as well as other channels of synchrony, potentially yielding findings that might help psychotherapists enhance the effectiveness of treatment.
